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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor device which is given a storage 
function and is applicable to an electronic device 
such as, for example, a portable telephone, a lap top 
personal computer, a CVD player, etc. 
SOLUTION: A TTF memory 1 1 is equipped with a 
polysilicon layer 22 which has each region of a 
source 22a, a channel 22b, and a drain 22c made on 
a substrate 21; and gate oxide films (insulating films) 

23 and 25 which are made on this polysilicon layer 
22. A plurality of granular silicon grains for catching 
the charge of the implanted carriers exist within these 
gate oxide films 23 and 25. Specifically, the gate 
oxide film consists of the first gate oxide film 23 and 

the second gate oxide film 25 made on this first gate oxide film 23. Multiple silicon grains 

24 are interposed between the first gate oxide film 23 and the second gate oxide film 25. 
The first gate oxide film 23 is made extremely thin. 
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1 Abstract 



A TFT memory 11 is provided with a polyaiiicon layer 22, wherein each 
region of the source 22a, channel the 22b and the drain 22c are formed on a 
Bubstrate 21. and gate oxide films (insulating films) 23 and 25 are formed on the 
polysilicon layer 22; and a plurality of silicon particles 24 for trapping the charge 
of injected carriers are placed between the gate oxide films 23 and 25. 
Specifically, the gate oxide films comprise a first gate oxide film 23 and a second 
gate oxide film 25 formed on the first gate oxide film 23; the plurality of silicon 
paTticles 24 ax» located between the first gate oxide film 23 and the second gate 
oxide film 26, and the first gate oxide film 23 ia formed in an extremely thin 
thickness. 



2 Representative Drawing 
Fig. 3 
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1 Title of Invention 

SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE 

2 Claira(s) 

1. A semiconductor device comprising a substrate, a semiconductor layer 
including a source region, a channel region and a drain region formed on the 
substrate, an insulating film formed on the semiconductor layer, and granular 
charge trapping bodies inside the insulating film to trap tbe charge of injected 
carriers. 

2. The semiconductor device according to daim 1, wherein the substrata is 
an insulating substrate. 

3. The semiconductor device according to Claim 1, -wherein the charge 
trapping bodies are a plurality of particles of semiconductor or metal. 

4. The semiconductor device according to Claim 3, wherein the plurality of 
particles are silicon particles. 

5. The semiconductor device according to Claim 4, wherein the silicon 
particles have a particle diameter of 1 win or less, 1000 angstroms or less, or 500 
angstroms or less. 

6. The semiconductor device according to Claim 3, wherein the insulating film 
comprises a first insulating film formed on the eemiconduetor layer and a second 
insulating film formed on the first insulating film; and wHerein the plurality of 
particles are located between the first insula ting film and the second insulating 
film. 

7. The semiconductor device according to Claim 6, wherein the first 
insulating film is formed in an extremely thin thickness. 

8. The semiconductor device according to Claim 7. wherein the first 
insulating film is formed eo as to have a film thickness of 500 angstroms or leas, 
100 angstroms or lees, or 50 angstroms or less. 

9. The semiconductor device according to one of Claims 1 to 8» wherein a 
control gate for electrical field application is formed on the insulating film facing 
the channel region. 

10. The semiconductor device according to one of Claims 1 to 9, wherein the 
substrate and the semiconductor layer constitute a thin-film transistor (TFT). 

11. The thin-film semiconductor device according to Claim 10, wherein the 
semiconductor layer is formed in a low-temperature polysilicon process, and the 
thLn fitm transistor is Eormed as a low- temperature polysilicon TFT. 
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12. An electro-optical device comprising a display unit, a data driver, a scan 
driver and a memory unit having a plurality of memory dements, wherein the 
eemiconductor device according to claim 1 is used a* a memory element of the 
memory unit. 

13. An electro-optical device comprise a display unit, a data driver, a acan 
driver and a memory unit having a plurality of memory elements, wherein the 
semiconductor device according to claim 1 is used as a memory element disposed 
in a pi*el of the diBplay unit. 

14. The electro-optical device according to daim 12, wherein the display unit, 
the data driver, and the acan driver are disposed on a common Bubatrate. 

15. An electronic appratua having an electro-optical device as claimed in any 
of claims 12 to 14. 

16. A method of manufacturing a semiconductor device comprising a fir B t step of 
forming a semiconductor layer which haa a source region, a channel region and a 
drain region on a substrate: and a second step of forming an insulating body, 
which haa granular charge trapping bodies inside to trap the charge of injected 
carriers, on the semiconductor layer. 

17. The method of manufacturing a semiconductor device according to Claim 

16, wherein the second step comprises the steps of forming a first insulating film, 
constituting a portion of the insulating film, on the semiconductor layer! 
depositing the granular charge trapping bodies on the first insulating film; and 
forming a second insulating film, constituting a second portion of the insulating 
film, on the first insulating film while the charge trapping bodies are kept on the 

first insulating film- 

18. The method of manufacturing a semiconductor device according to Claim 

17. wherein the first insulating film is formed by plasma oxidation. 

19. The method of manufacturing a semiconductor device according to Claim 
17, wherein the charge trapping bodiea are formed by sputtering and etching. 

20. The method of manufacturing a semiconductor device according to Claim 
19, wherein the charge trapping bodies are formed by Al Si sputtering and 
etching. 

21. The method of manufacturing a semiconductor device according to Claim 
17. wherein the second insulating film is formed by the CVD method. 

22. The method of manufacturing a semiconductor device according to Claim 
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17 wherein the first insulating film is formed by plasma oxidation, the charge 
trapping bodies are formed by sputtering and etching, and the second insulate 
film is formed by the CVB method. 

23. The method of manufacturing a semiconductor device according to one of 
Claims 16 to 22, wherein the granular charge trapping bodies ore silicon particles. 

24. The method of manufacturing a semiconductor device according to one of 
Claims IS to 23. wherein the first step is a step to form the semiconductor layer in 
a low-temperature polysilicon process, thus conducting the substrate and the 
semiconductor layer as a low-temperature polysilicon TFT (thin-film transistor). 
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3 Detailed Description of Invention 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor device and the method of 
manufacture and. particularly, relates to a semiconductor device having memory 
functions. 

PRIOR AET 

As one type of nonvolatile memory, a floating gate nonvolatile memory is 
conventionally known. This memory demonstrates nonvolatile memory functions 
by injecting carriers to a floating gate and holding therein. 

With this type of nonvolatile memory, the floating gate EPROM at a 
p-channei having an MOS structure was first used for practical purposes. For 
this type of floating gate, poly crystalline silicon doped with a large quantity of 
impurities is used, and carriers are injected to floating gates (for writing or 
programming) by causing avalanche breakdown at drain junctions. This type of 
nonvolatile memory ia called FAMOS (Floating- gate Avalanche injection MOS). 
The information written in FAMOS can be erased by the irradiation of ultraviolet 
raya and X-raya at a sufficiently high energy level. 

Nonvolatile memory, having a structure wherein a control gate made of 
polycrystalline silicon is laminated on the FAMOS floating gate. iB called SAMOS 
(Stackedgate Avalanche injection MOS) memory. An appropriate level of voltage 
ia applied to the control gate during the injection process of carriers for avalanche 
breakdown, so that an electric field near a drain iB intensified and avalanche 
breakdown ia likely to occur. At the same time, the electrons generated by the 
avalanche breakdown may be more effectively attracted to the Bide of a floating 
gate, thereby shortening the writing time. Additionally, the control gate may be 
used like the gate electrodes of normal MOS transistors during the proceoa of 
information readout. 

Devices having an SAMOS structure at an n-channel have been recently 
referred to as FAMOS, and have become the standard EPROM structure. In this 
case, channel hot electrons are injected into a floating gate. 

Furthermore, according to other research, MOS memory has been proposed 
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as in the thesis, "MOS Memory Using Germanium Nanocryatale Formed by 
Thermal Oxidation of Sil-xGex. Ya-Chin King et ah. IEDM 98 115118.- This ia a 
memory element in which a charge trapping bodies comprising germanium Fuee 
particles are hurled in an MOSFBT gate insulating body. On the other hand, 
since economical glass eubetrates, instead of expensive quart* substrates, may be 
used and preferable TFT. characteristics may be easily obtained, the polyeilioon 
TFT formed in the procees of a relatively low temperature (about 600"C or below) 

has been focused upon. 

However, although this TFT is used for the picture elements of displays and 
peripheral circuits, it ia not a device that could be used as a memory element like 
the above-noted MOS memory. Therefore, a memory and a display cannot be 
mounted on one panel in one body in. for example, an active matrix display in 
which a TFT is used for a picture element unit. This is one of the obstacles to 
the further miniaturization and electricity reduction of liquid crystal display 
devices or the like. 

DISCLOSUBE OF THE INVENTION 

It is an object of the present invention to provide memory functions to a 
semiconductor device and to broaden the application of semiconductor devices. 

In order to achieve the above objective, a semiconductor device according to 
the present invention has a suhstrate, a semiconductor layer, in which each source, 
channel and drain region is formed on the substrate, and an insulating film is 
formed on the semiconductor layer, and granular electron trapping bodies are 
placed inside the inaulating film to trap the electrons of injected carriers. 

Preferably, the electron trapping bodies are a plurality of semiconductor or 
metal granules. For instance, the plurality of granules is made up of silicon 
particles. It is preferable that these silicon particles have a diameter of 1 urn or 
lees, 1000 angstroms or less, or 500 angstrom* or lees. 

Moreover, it is preferable that the insulating film comprise a firBt insulating 
film formed on the semiconductor layer and a second insulating film formed on the 
first insulating film, with the plurality of granules being placed between the first 
insulating film and the second insulating film. In this case, the first insulating 
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film is preferably formed at an extremely thin thickness. Preferably, the first 
insulating film is formed so as to have a film thickness of SCO angstroms or leap, 
100 angstroms or less, or 50 angstroms or leas. 

More preferably, in the above-mentioned structure, a control gate for 
electrical field application is formed on the insulating film ao as to face the 
channel region. 

It is further preferable that the transistor, formed of the substrate and the 
semiconductor layer mentioned above, be a thin film transistor (TFT). For 
example, the semiconductor layer is formed in a low temperature polyailicon 
process, and the thin-film transistor is formed aa low-temperature polyailicon 
TFT 

On the other hand, the manufacture of a semiconductor device according to 
the present invention includes a first step of forming a semiconductor layer, which 
has each source, channel and drain region on a substrate: and a second step of 
forming an insulating body, which has granular charge trapping bodies inside, to 
trap the charge of injected carriers. 

In this case, it is preferable that the second step also have the steps of 
forming a first insulating film, constituting a portion of the above -mentioned 
insulating film, on the semiconductor layer; placing the granular charge trapping 
bodies on the firBt insulating film; and forming a second insulating film, 
constituting the remaining portion of the insulating film mentioned above, on the 
first insulating film with the charge trapping bodiee being kept on the first 
insulating film. 

Preferably, the firat insulating film is formed by plasma oxidation. 
Additionally, as another preferred example, charge trapping bodies aTe formed by 
sputtering and etching. In this case, it is preferable that Al-Si be sputtered and 
that only Al be etched thereafter. Moreover, according to another preferred 
example, the second insulating film is formed by the CVD method. Besides these 
methods, it is also possible to form the first insulating film by plasma oxidation, 
the charge trapping bodies by sputtering and etching, and the second insulating 
film by the CVD method. 

Furthermore, the granular charge trapping bodies are, for instance, silicon 
part idea. 

Moreover, the first step is a step where the semiconductor layer is formed in 
a low temperature polysilicon process. A low-temperature polyeilicon TFT 
(thin-film transistor) may be formed in this atep. 
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EMBODIMENTS 

The preferred embodiment of the present invention is explained hereafter, 
vrith reference to the drawings. 

The liquid crystal display device 1 according to the embodiment constitutes 
the electronic book shown in FIG. 1. ThiB liquid crystal display device 1 has a 
book-form frame 1A and an opening and a closing cover IB in the frame LA- In 
franie LA, a liquid crystal display unit 2 is arranged so &s to expose a display 
surface at the surface, and a control unit 3 ia also arranged. 

As shown in FIG. 2, a panel 4 is arranged inside the frame IA. On this 
panel, a picture element unit is provided as the above* described liquid crystal 
display unit 2, and a scan driver 5 and a data driver G are provided to control the 
display of the picture element unit for each picture element. Also provided ie a 
controller 7 for controlling displays through both drivers 5 and 6, and a memory 
unit 8 where display information is stored in advance. The controller 7 and the 
memory unit 8 are conventionally mounted on a separate panel from that of the 
display unit 2 and the drivers 5 and 6, but the controller 7 and the memory unit 8 
are mounted on one panel 4 in the embodiments. The display body having this* 
structure iB generally known aa a System on Panel. 

Such a device may be provided by the application of a poly silicon TFT 
(thin -film transistor). A low -temperature procsae for manufacturing the TFT ia 
advantageous because a TFT can be formed on a low* thermal resistant substrate 
audi as a glass substrate. Specifically, to each memory element of the memory 
unit £, a memory element using the low-temperature polysilicon TFT of the 
present invention aa a thin-film semiconductor device (mentioned as TFT memory 
hereinafter) ie adopted, instead of a conventional floating gate MOS or the like. 
Further, the TFT memory elements may be used directly in the display unit 2. 

This TFT memory is explained below. 

FIG. 3 shows a cross section of one element of a TFT memory II as a 
thin-film semiconductor device.' and FIG. 4 shows the positional relations of 
electrodes when the TFT memory 11 ie seen from the top. 

The TFT memory 11, as shown in FIG. 3, has a glass substrate 21, and a 
source 22a, wherein a channel layer 22b and a drain 22c made of a polysilicon 
layer 22 are formed on one part of the substrate 21. An extremely thin first gate 
oxide film 23 is formed over the entire polysilicon layer 22. The film thickness 
thereof is, for example, about 50 angstroms. As other thicknesses, the first gate 
oxide film 23 may be 50 angstroms or thinner, 100 angstroms or thinner, or 500 
angstroms or thinner! and preferably, the film ie formed to be extremely thin. 
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On the first gate oxide film 23. silicon particle* 24 for charge storage are 
deposited. Regarding the silicon particles 24, for instance, the particle diameter 
is about 100 angBtroms and the density per unit area is about 20%. These 
particles may be composed of other materials, such as semiconductor particles or 
metal particles. As tor additional particle diameters, it is preferable to form the 
silicon particles 24 at a particle diameter of 1 urn or below. 1000 angstroms or 
below, or 500 angstroms or below. 

A second gate oxide film 25 is formed while the silicon particles 24 are 
maintained on the first gate oxide film 23. The film thickness is about 1000 
angstroms. A control gate 26 is formed on the second gate oxide film 26, at the 
location corresponding to the channel layer 22b. The electrode is made of 
polyoilicon, or a metal such as aluminum or tantalum. Furthermore, a 
layer-to layer insulating film 28 ia formed over the entire element of the TFT 
memory 11- Additionally, as shown in FIC. 4, a source electrode 27S and a drain 
electrode 27D are formed through contact holes at appropriate locations from the 
source 22a and the drain 22c. 

The method of manufacturing this TFT memory 11 is explained hereafter, 

based on Fide. 5 (A) to 5 

First, as shown in FIG. 5 (A), for example, » base Film 21A mad© of Si02 is 
formed on the top of the glass substrate 21. an amorphous silicon film is 
accumulated thereon! and e.g., an excimer laser ia used to irradiate the 
amorphous silicon film, and crystallizes the film by locally heating and melting 
the film, thereby forming a polyailicon layer 22 patterned in a predetermined 
shape. 

Subsequently, as shown in FIG. 5 <B). a first gate oxide film 23 ia formed by 
plasma oxidation. The conditions of planus oxidation are established so as to 
provide an extremely thin first gate oxide film 23. 

Then, aluminum-silicon (AlSi) is sputtered, and the aluminum is removed 
by wet etching. As a result, as shown ia FrG. 5 <C), a plurality of silicon (Si) 
particles 24 remains on the first gate oxide film 23. The silicon particles 24 may 
be left only above the channel layer 22b. 

With the silicon particles 24, Si02 (silicon dioxide) is accumulated by the 
CVD metnod on the first gate oxide film 23, as shown in FIG. 5 CD), thereby 
forming a second gate oxide film 25. Accordingly, a second gate oxide film 25 is 
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coated with the silicon particles 23 dispersed in an appropriate density on the 
first gate oxide film, burying the silicon particles 24 in the insulating body. 

Furthermore, though not shown in FIG. 5, a control gate 26 ia formed by a 
conventional method (see FIG. 3). Subsequently, by the conventional method 
where ions are injected by using the control gate and a mask layer as maaks, a 
source 22a and a drain 22c are formed in the palyailicon layer 22. Thus, the 
polysilicon layer 22 bacomea the source 22a, the channel layer 22b and the drain 
22c. Subsequently, a layer- to layer insulating film 28 is formed over the entire 
TFT memory HI and after the contact holes are formed, a source electrode 27S 
and a drain electrode 27D are formed (see FIG. 3). 

In the manufactured TFT 11, the silicon particles 24 are completely covered 
with oxide films 23 and 25, so that the charge injected into these silicon particles 
24 cannot easily escape, Bince the energy barrier between the silicon particleB 24 
and the oxide films 23 and 25 is substantial. In this state, information is written 
into the TFT memory 11. 

When information ia written into the TFT memory 11, an appropriate 
positive voltage ia applied to the control gate 26 r as shown in FIG. 7 W, and 
electrons are injected into the silicon particleB 24 from the channel side by 
"Fowler-MordAciTO* tunneling. As the Brst gate oxide film 23 ia formed of an 
extremely thin thickness, the injection of charge will be eaay. 

Therefore, the characteristic a of the "control gate voltage Vg - drain current 
Id" of the TFT 11 qualitatively change, as shown in FIG. 6, in response to 
information writing. In the state before the information is written, electrons arc 
not yet injected, and the threshold voltage is low. As electrons are injected by 
information writing, its charge ia trapped and the threshold voltage increases, 
holding the information (charge) . 

Additionally, when the information in the TFT memory 11 is erased, an 
appropriate positive voltage may be applied to the drain 2ZC, which is opposite to 
the writing process shown in FIG, 7 (b). However, in actually constructing a 
memory array, the transistors that form a Bwitch for each memory cell are 
generally connected in series in order to provide selectivity. 

As a memory element ia formed by the application of the low-temperature 
polyailicon TFT. a System on Panel, euch as that shown in FIG. 2 can be provided. 
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Accordingly, trie structure and the scale of. a device or a syatem aa a whole 
becomes compact, and maintenance and the like become* easy. Additionally, aa 
TPT memory, nse may be made of the memory of an IC card and the like, 
broadening the range of applications. 

Moreover, the charge trapping bodies buried in the gate oxide film (gate 
inBulating film) of the TFT memory 11 are in granular form, so that there is no 
danger of a short- circuit between a source and a drain. 

Furthermore, as the TFT memory 11 ie formed of a lowr temperature 
poly silicon TFT, economical elasa substrates may be used. 

Additionally, the present invention ia not limited to the above-noted 
embodiments and may also be modified in variouB forms. 

The description given above relates to an apparatus using an LCD. It will 
be readily apparent, however, that other types of display may equally well be used 
• for example, organic or inorganic electroluminescent displays, pr electr op heretic 
displays. 

The semiconductor <fevict of the present invention may be used in display devices incorporated in many 
types of equipment such a* mobile displays e.g- mobile phone*, laptop personal computers. DVD players, cameras, 
field equipment; portable displays such as desktop computers, CCIV or photo albums; or industrial displays such 
as control room equipment displays. 

Several electronic apparatuses using the semiconductor device of the present invention will now be 

described. 

<1: Mobile Computcr> 

An example in which the semiconductor device according to one of the above embodiments is applied to a 
mobile personal computer will now be described. 

Figure 8 is an isometric view illustrating the configuration of tlis personal computer In the drawing, Ihe 
personal computer 1100 is provided with a body 1104 induding a keybeard 1102 and a display unit 1106. The 
display unit 1106 is implemented using a display panel incorporating semiconductor devices according to tbe 
present invention, as described above. 
<2: Portable Phono 

Next, an example in which the semiconductor device is appUed to a display section of a portable phone will 
be described. Fig. 9 is an isometric view illustrating the configuration of the portable phone. In the diawing, 



(20) tirM 2002-1 10829 

the portable plume 12 DO is provided with a plurality of operation key* 1202. an earpiec 1204, a mouthpiece 1206, 
and b display panel 100. This display panel 100 » implemented using semiconductor device* fabricated 
according to the present invention, as described above. 
<3: Digital Still Camera? 

Next, a digital still camera using an OEIXt display device as a finder will be described. Fi& 10 is an 
isometric view illustrating the configuration f the digital Still camera and the connection to external devices in 
brief. 

Typical cameras sensitize films based on optical images torn objects, whereas the digital still camera 1300 
generates imaging signals from the optical image of an object by photodectrie cenveraion using, for example, , 
charge coupled device (CCD). The digital still camera 1300 is provided with an OELD 100 at the back face of a 
case 1302 to perform display based on the imaging signals from the CCD. Taos, the display panel 100 functions 
as a finder for displaying the object. A photo acceptance writ 1304 including optical lenses and the CCD is 
provided at the front ride (bebind in the drawing) of the case 1302. 

When a cameraman determines the object image displayed in the bELD panel 100 and releases the abutter, 
the image signals from the CCD are transmitted and stored to memories in a circuit board 1308. In the digital 
still camera 1300. video signal output teiminals 1312 and input/output terminals 1314 for data communication are 
provided on a side of the case 1302. As shown in the drawing, a television monitor 1430 and a pcrsoaal 
computer 1440 are connected to the video signal terminals 1312 and the input/output terminals 1314, respectively, 
if necessary. The imaging signals stored in the memories of the circuit board 1308 «c output to the televisioa 
monitor 1430 and the personal computer 1440, by a given operation. 

Examples of electronic apparatuses, other than the personal computer shown in Kg. 8, the portable phone 
shown in Rg. 9, and the digital still camera shown in Fig- 10, include OELD television sets, view-fin dsn-type and 
raoniloring-type video tape recorders, cat navigation systems, pagers, electronic notebooks, portable calculators, 
wort processors, workstations, TV telephones, point-of-sale* system (POS) terminals, and devices provided with 
touch panete. Of course, semiconductor devices according to the present invention can *e applied to the display 
sections of these electronic apparatuses. 

As explained above, the present invention has a semiconductor layer, which 
has each source, channel and drain region formed on a substrate, an inaulatine 
film formed on the semiconductor layer, and granular charge trapping bodies (for 
instance, a plurality of 8 emicond™tor or metal particles) inside the insulating 
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film to trap the charge of injected carrier*, so that TFT memory may be provided 
by adding memory function* with granular charge trapping bodies to a thin-film 
transistor (TFT) element cornrising a substrate and a conductive layer. 

Aa a result, the applications of TFT elements are broadened to memory 
elements. Conventionally, TFT elements are only applied to the picture elements 
of display, an* the peripheral circuits. As the TFT memory ie used as a memory 
unit, the unit may be mounted on the same panel as that of other thin-film 
structural bodies using TFTs (for instance, a liquid crystal display and the driver 
circuit thereof, thus significantly miniaturising, compacting or making an 
eneigy-aaving device and system. 

4 Brief Description of Drawing(s) 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described by way of further example only and 
with reference to the accompanying drawing a in which'* 

FIG. 1 shows an example of an electronic book using a liquid crystal display 
device with a built-in thin-film semiconductor device having memory functions in 
accordance with the present invention \ 

FIG. 2 shows the electTic block structure of the liquid crystal display device; 

FIG. 3 is a partial cross- sectional view, showing the thin 'film structure of a TFT 

memory as a semiconductor thin* film device! 

FIG. 4 is a plane view of the TFT memory in FIG, 3; 

FIG. 5 shows the steps of manufacturing the TFT memory; 

FIG. 6 is a figure, showing qualitative changes in the characteristics of the control 
gate voltage Vg and the drain current Id of the TFT memory in respect to 
information writing; 

Fig. 7(a) illustrates the application of a positive voltage to the control gate 
so as to write information and Fig. 7(b) illustrates the application of a 
positive voltage to the drain eo aa to erase information; 

Fig. B is a schematic view of a mobile personal computer incorporating a 
display device having a pixel driver according to the present invention.* 
Fig. 9 is a schematic view of a mobile telephone incorporating a display 
device having a pixel driver according to the present invention, and 
Fig. 10 is a schematic view of a digital camera incorporating a display 
device having a pixel driver according to the present invention. 
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1 

[#fFlff#©f&B] 

j.o&x£*ifc** y T<n>%m*%kWr 5*fcl£©m#ii 

[If#«2] 1 E«©*3IM«fi»cjs^T, 

go 

[ff#iI4] I»*«3B«©*#flE|!iltfci8V^t % 

wlsHs)) ^y&l-OtiL&te. IvmUT, 1000 AWT. 
XmooAUTnm* k%l? KMrfL&tiX^ZZ t Sr 

go 

miEB 1 ©ffe»R©ll»Pf±, 500AWT, IOOAWT, X 
fi50A£lT©fit££ 5 J: 5 l'?fM$n/c^ <b &W&k-f 

[If#il9] »*3Sl75M8©^-fn«*-Wc|Ett 

t) fcj£i-£*friMRfc-r a 

l l ] t»#« l 0E«©¥3»#8*fc*iV^ 

t, 

tmm Yyv*?** fefflcn* y y =» f t t lt« 
j$ $ tufc i k k -t 5 *wemw* 

[|f#Jll2] UtTfiUkT 1 -? Y'yJ^k**^ 

h'yj^k&mv/^vmmz^i-zt^v^&kzffi 



(2) 4#W) 2 0 0 2 - 1 1 0 8 2 9 

2 

LTffl^fcr k ifflSLk-i-zm+ft^Mo 

K^-r/^^icro^^-y^^^-ra^^y^stSrii 

if #qt i fa«©^*flcS«a««*giJ©H*»cEtt$n^ 
*ymmkvx%^binitzk&ffikk-rz* : Fft*m 

g. 

[If #Jl l 4 ] ft #il l 2 Eic©m^3t^gg(c*j 

[If #il 1 5 ] If #31 1 2 1 4 ©v v-f tt*»-Jg 
[If #111 6] Slg-Hcy-*, f+V^/K 

W,2TMk*t;ts ! Z-k*W<gLktZ> ¥*#3£g©Sii&:fr 

20 [If #11 1 7 ] If #11 1 6 Ric©^#Sg©@^ 

lUEm 2 igtt, «riE^*#a±tcKriaii6»fflt©ff i © 
«^*j^»l©l6««fc#Jfc1-3Igfc, ^©Hl© 
^Bi±tcS&|SK^©l;#lS^«rg<Xgt, w©« 

ffi»»#&f&iE» i o«Mt±fc»^fc**-ca*« i 

©«fMS±lcfflEffe»BI©» 2 <DUft*$L-tm 2 ©?fett 
[If #il 1 8 ] If #JI 1 7 

30 *j£(C*3^-C, 

m k -tz ^m&mwvmmxm* 

It**** 1 9 ] If #31 1 7 1E«©¥*#gfi©§«£ 

ifE*WJf y99> ?RXf*- y^-V 7X%$L 

£titcZk*®W(.ki-?> ^«^g©Mit*ffic 

[» #ii 2 o i if #ri 1 9 tm<o i m#m**>w& 
jjmzto^x. 

StJ|Em^li3I^f±A 1 - S i <OX*y# y y^RXf^y 

40 ^vyxBfc£ft1zZk*®®k1r%*^fomW.<r>m& 
[If #11 2 1 ] If #11 1 7 £«0)¥i*#£1t®St£ 

Bufem 2 (ommma cvd &-e^ $nfc:tS:#fi: 

1-5 

[If #il 2 2 ] If #il 1 7 E*0¥*#:£1ieB3g 

iuffiB l ©Ife^tt^^X-T^T'ffM^tt, ttJEm^ 
mmmtx^y* V yyRV^yJ-yyxfcf&Zft, R 
50 t^e»2©«IHItH:CVDfe-Tf»J«**ifcwi*r«M» 
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[|f jfcjj 2 4 ] »*« 1 6 2 3 

i?*T^j#-f 5ifrefo>9, ^ta»i, tuKS^t/ 

[000 1] 
[0 0 0 2] 

[0 0 0 3] ^Slg'tt^y -Cfi, MOSflfii 
Sr^-T6, pf o-f ^ hiE P 

#3§t£^* y liFAMO S (Floating-gate Avalanche 
-injection M0S) V £ fJtlT^5 0 COFAM 

[0 0 0 4] dtOF AM0SO7O— x-f hCD 

fHit^-f S^SSItt.* ^-yiiSAMOS (Stacked-ga 
te Avalanche-injection MOS) ^ ^ ]) t 

H!^ T'<y>i/*mm\c£^X%$LLtcW,J-Z£ 9 
m<7D-r^^- F-W^ltlrttS;: t^T? 

[0 0 0 5] nft^K'SAMO 
S<P«ii£W1-5KEf±FAMOS ir^tftt, EPRO 
M<DWWffi&\zte^X^Z><, Z<Di§&. 7u-=r4vy 
V- Fnv^aA^ft 50 



#M 2002-1 10829 
4 

■So 

[0 0 0 6] $b^»J(75W^inf±\ r "MOS Me 

mory Using Germanium Nanocrystals Formed by Therma 
1 Oxidation of Sil— xGex" , Ya— Chin King et al. , 
IEDM98 115-118J (Clf)^j0<, MOSl/*!)^ 
tHft£ftTv^„ Zix\t, MOSFET©y-F»Ift 

^fcV ; ey*i l T♦fe5 0 immm& (^oo^ 

T) <D7°c2-fe*T*^J#£;ft5#y v'y ^VTFT^ ft 
[0 0 0 7] LfrLtetfb. Z<DTFT\tm^fc<Dmm 

*?mvi\5imz&.m£ftxm^i>K m^LfcMoss^ 
*u»±5ic, /^ym+t LxfeRixz zmwxitte 

r © fc , *g££^&jt& if Scfc ft 5 #*<7> H t£ Z> 'bW. 

xmmgmMuctti- 5 m # « 1 o * ft o rv * 5 . 

[0 0 0 8] 
[0 0 0 9] 

[IWMfifctSfcfcCfft] ±EBWSr»riEi-*fc 

[0010] Jfilictt, irlE«ffi*i»frtt, 
>-«iT-(D«i@tt, UmfiTF, 1000AKAT> X(i500AeA 

[ooiiut ^iifwfi, mmmma. me&m- 
**mmm 1 (Dmmtmam 2 <otm»t(onic»/u 

ffiJiroffS^iS^n*. »iS»ctt, r.w»i©i(fe»l» 
<D§IJ?f4, 500A«T> lOOAJ^T, X{i50A^T©ffl?r 

[0 0 12] £ib(c#iglcfi, ±SSL^«fijt»c*J^-C, 

[0013] $ ewe, ffnes«&tmG¥«flE«A a &^ 

jS$Jl5h7>^^ll*ih7^^ (TFT) T* 



5 

[0 0 14] *&H£ftS^ft:&C0>£tiHH£ 
K4fti4\ S«±}cy-*, ^-Y-y*/K .RttKi^fi' 

[0015] £HI(c{4, SuE^2I@tt, fu 

E**#JI±fcltrElfeltit©-»*:J*i-J(! 1 ©JfelWRSr 

[0016] #3l[cf4, % l «)|fe»IBU±^7X^SMkt? 
JB&SftS. SiJ©jfH840j-Ctt, ffiffiffiffiftf4* 

A 1 - S i !J y^U A 1 

fcWcfcfttf, »2©«»Kf4CVDffi-e^*n5. 

fi C V D ft T« $ ft 5 «fc 5 L X t J: v \ 
[0 0 17] flfctf. SWEa«©«ffir*l»#:f± 

[0 0 18] £fc, IfJlEf! 1 Xflf4, WE¥»#WHu 

fijajKys/yay^o-fe^-cj&fiicSftsxs-efc?), n 

ftlc,};*), ->!J ^yTFT (SIh7^ 

*) d^$ft5J:5t-LTfcJ:i\ 
[0 0 19] 

[0020] *Mmm\c&z>mih^%iW; in, hi 

-Ai AfcHH*rtBfc#'<- 1 B£&*Tl-3. 

^2asR»te>ft» £t>^ tftf^»3i«K»te>ftr^ 

[00 2 1] 7 U— i» 1 A<7)ftgflf-f4, E] 2 fC/F-f 
<, ltSc<0/^^;v4^itP3ft"C*i , 9, :o/^;H 
(C, fflrftLfciffi6&jj<g|l2i:L-C<0M*6S* &U\ C© 

®*»©**&®*<s tfia»i"5 ^ * + ^ K^-r 5 , 

5*—* K7-T'<6£{Sx-5t ffiK7-Y/<5, 6 

B&^fcSEfiS-fr-Cifea**!/ 8&Hi*.TV6. ft*© 
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=iy 7&U t .* ; ey 8£lo©/^l«4±lC|ig 

(System on Panel) £ d <t -5 0 

[0022] znzitzmwi*. is^-Ky ->y ^tf 

5. TFTOfiitlCttLTtttefi^n 
5. otDs 8©#y^y iTH-14, K©7D 

-r-fy^'- FSMOSflcftit, 
10 !)•>!) n F T ^fflv^cil^gti: LTO^ 
yiSiP (KIT, TFT^^-y t SrMffli-S„ 4 

[0 0 2 3] WT, lOTFT^*!) ICO^T^-f 

[0 0 2 4] E13«Cf4, »i^ftSItLt©TFT 
^^y 1 1 © 1 *?-#©»rBi*3t&^ U E14SC(4, r 
©TFT^*yil£r, Jb*a»bftfci#©«iOttiI 

[0 0 2 5] rcOTFT^^-y 1 1(4, 0 

20 <, #7*®J©Slg2 1 SMBjL* '©S«2 i±©-» 
(c/^y v-y 3^12 2 lets y—* 2 2 a, ft^^ 

Jl2 2b, SVKKy2 2c«$ntV^. r© 

*°y ->y =yi2 2<o£ffiu::bfcoTBif?;s*#*fc*^ 

01 y- vm\m2 3«&£ft-o>5 0 r©MJ?(i^j 

x.tf50Agi£-Oife5. co*iy- hSMUR2 3©RJ? 
14, -t©te©4f[ i LTf4, 50AK1T, lOOAgiT, Xf45 
00AKlTT*feoTtJ:<, rL*#a* 

[0 0 2 6] iCglcy- MWtK2 3©±}Cf4, « 
30 ^#afflOi/y 2 4**Bd»ft-C^5. ^©i/y 

=i>-Sl^2 4(COV^T(4, ^(lx.14*, -t©*4Sf±100AS 

T-»4^r(Dftli©^*#:^LT-X(4^m^i : -T*feoT h iV\ 

f4, 1/imWT, lOOOAtlT, XttSOOAKTfcJBjS-fa 

[0027] us 1 v- hmtm2 3 tc(4, -> y 3 

2 4^«-frfc$4T', ■t©±*»b»2-7 , -hBftikW2 5 
M^^ltV^. ^©Rffttl000AS£-C&5. 

40 0 2<^y- HBHkR2 5±(C(4, ?"^>-^/Vg2 2 blC 
WJ^-rSfeSt-, W»y- h 2 6^fi££ft3 0 tt^W 
^14^ y v-y =>\ ^VM4, T^^^^A^^^^/VCO 
i5 4&*T?S»5. $t>{C, ;<DTFT^^y 1 1©§ 
T-ikWc|41P B %^2 8*«^J*$ftS 0 **5, 04 tC 
*-f*n<, y— ^2 2 a&t;KWy2 2 cd»&aS4: 
<i«T*3>-^^ h*-;V£^LTy-*tf£2 7SW 
KWVtt2 7Dd«3^fiK$ft-C^5. 
[0 0 2 8] KIT, TFT^^U 1 1 G9Siii;frj£ £0 5 
(A) frb®5 (d) }cSo'tIftBJ-rSo 

50 [0 0 2 9] $1\ 0 5 (A) (C^-T$D<, #7X2k<D 
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mm2 1 <D±.mzfflx.\$s \ o.^^* tusk 2 1 a 

/<c^-ny^Lfc/Ky v-y ^12 2*1&&*Z>. 

[0 0 3 0] &<^T\ 111 5 (B) {C^-fftK, ^7^-7 
iWt:lw±9»iy-bBMbl«2 3S:«ric1-5. :©ii 

fcO $ ftT V> -5 o 

[0 0 3 1] ftv^ 7/V? = !?A->!J3> (Al- 10 
Si) £*/<y*y^U -to8L T^%=-9J»t:9 
syhiyfy^tK^tS. rfrtciij, 0 5 (C) 

^-r*n<, »ioy- hKfti»2 3±{c^fco^y ^ 

y (Si) ©6^2 4^5. <C*i % ->!l3ytf2 4 

[0 0 3 2] Z<D f y]) =i>^2 4^Vtz^MX\ 0 
5 (D) {C*-r$D<, »l©y-hBWklBt2 3±tS i 
0 2 (ZLSWk->y=>v) £CVDffi{Cj:i9±£«$-fr, Jg 

»23^iy-h £fcig 2 3 ±i3u*fctt*-ca* 

[0 0 3 3] £blc, 0 5{Cfi0^L4l^ t£*R)£P 
0#j5fe-e*iJ»y-h2 6*s^/S$ix5 (03 #10 o * 

2tV-^2 2 aMKK^2 2 c^$n5„ C 
ftlCj;!?, #y ->!J 2{i, V-*2 2a, 

y^i2 2b, WKM^2 2cC45 0 #C<^T*, 30 
lOTFT^^D 1 l£ftfcjf P^f£j*Jg|2 8 £^/&U 
3y^^h*-;Hif, y-^lS2 7SSr;KM 

ynm 2 1 mwfozix* (0 3 . 

[0 0 3 4] Z<DX SfcbTfiSSftfcTFT 1 1 £*> 
otlt ->y 3V^2 4fi^bM2 3, 2 5X-$E.£\C 
flfrbftT^Sfco, £0->y =^ti-?-2 4fc:&A$ixfc 
m^li->y =>-S?2 4 £»{kflS2 3. 2 5©i^Jf 

TFT^^y 1 1 t*«*»t a**ifctt*-c*>*. 

[0 0 3 5] TFT^y l itcW«Sr#tiitri ft- 40 
12, 0 7 ( a ) (C^tftK , $J«iy- h 2 6 fcMfcjE 
m&ZWM U ^*/H8*> ^SiT- 2 4 tC M 
Fowler -Nordbeim" V >?\Z&<0W> : f-i:&.At 

[0 0 3 6] Lfc^oT, :©tfti io r$j#y— 

h«JEVg-Kl^f^maEI dj O^ttfi, tfr*Btt&^ 

^m<D^mxii. ^tmAistixtob-f, L£\,*Qm 
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[0 0 3 7] TFT/^y 1 1 OttfB4r^*1"5 

iflcti, 0 7 (b) tc^1ira<, ttRSt 
tc, KWV2 2C»caH*jE«JESrBiJPi _ nffJ:v\ 
Tc/cL, »^y7W?rMt5i^Clt fc* 

[0 0 3 8] roipiC, ffi}S#!J ->y =r^TFT£{£ 
V-^xA^/^VOH^BTtglC&So 9, 

9, ft^fcSAtcftS- *7t. ;©TFT^!)?:I 
C*-K©^*!)iLt^ffit5;ittt5f, -to 

[0 0 3 9] 4 ft, ffiOTFT^U 1 1 ©y- h®? 

[0 0 4 01 £"bK, ^iCTFTy^U 1 1 tt, {£«. 
#y ->y 3i/TFTfMt5©t, Sffl6*^7^S« 

[004 1] 4*5, *H0Jf±±i&LfclUS^Eic©t 
[0 0 4 2] ±iBOlB*f±LCD£ffl^fdgB(C§l1-5 
* -f ^ Ofj^glg £<£ffl L Tt> ± V ^ t itm h frX* h h 

[0043] *&w(D*&#mmz. mmm 

7, ^^Oi^^^-f^^S;^^ hy^ 
3^t°i— CCTVXIi7* hT>»w<A05j; 

^^7"o^g(cffi^*ns^^atcio^-c{£ffl LT 

[0044] J^Ttc, **W©i|i*fl:««S:ffl^fc«^ 

[0 0 4 5] <1 : *#=i>tra-*>±3*Oiat»« 
o 5 ^ot> t oo*tM«SfllSr**-'< y Lfc 

0ffc5„ 0-C^Lfc^-, lOOfi, =3r- 

#— K 1 10 2 ir^gp 110 6 Sr^tr*^ 1 1 0 4 t 
£f!;L5 0 ^§61 10 6(1, ±^0±5t-, 

£Z¥m>fr%mzMfr&&t~&7F'<*fr&m^xn$L£ 

[0 0 4 6] <2 :»#«B>ftlC, **#SlIS:asff 

miso^gi5{cjgfflL7t0j^^i-„ 0 9ii, ^^miso 
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0H\ «»<OjfeSE*-l 2 0 2 t, ?ST 1 2 0 2 k, 

mma l 2 o 6 1, *s%/<*/n o o t&fllx.-o^. 

[0 0 4 7] <3 : f t i?#J\'X?— 7>iWd, 7 
t4 >ff—b LTOEL D**git *J% V 
f—/^/y^Umir^o Hi oil. fsttfrxf—jiv 

'bo 

[004 8] mn(Du^y\mw^h<D%^ /■-"y^k 10 
fct^Bisrisit-ra^ f^^^f-^^i 30 

0f±. Milt m^-g-Si 1 (CCD) £ffl^T3tfi^ 
4feJ*-f5. f^Wf-W^7 1 3 0 Ofi, CCD 

fl»e>©>r ^-^{f-^^ttic^-rsfcfetc, -r- *i 

3 0 2<7)Sffi}ClOELD 1 0 0^{ii?>o ZVtztb, * 
S/^/H 0 0l±fe#:Sr^1-2)fc:*CD7 7-r^^'— £ 
LT$Sfg1-3 0 #3* H"XRtfC CD 
?H 304li, * 1 3 0 2©|fj{|iJ (0<7>WI£) 

[0 0 4 9] 77^0ELD/^/H 0 Oti/T 

ft<5. ¥*J*wf—fl'iiU l 3 0 Olcfi, x-^il 
ft^Wbfr'^-ft-i-m^^-^^H 3 1 2iA*/tH;*J 
?-?t/H314 fc^-Jr— ^ 1 3 0 2 <D{|lJffi{C<i;i f, 

^-1 4 3 0 t/<y3yi 440i^ fx^f-f-as^ 

*-5"fvH 3 1 2&tfA/3/ffi:*7*-5-*vW 3 1 4 

©■tfi-ettfcgMfci-a. mis*- K 1 3 0 8 <d* * y tc: 30 
t'*r-?-l 4 3 os^y = >i 4 4 o(ra^$tt 

So 

[0 0 5 0] 18t*Lfci54/^3^ 0 9T**L 

fc^^mis^t^ia 1 o^Lfcf-^^f-/My7 

EW^^gHroWfcbT* OELDfUf'tyh, t* 

-Fy-yy, Slttffini, !7-K7n-fcyl>\ «7-7* 
f->3^ fl£^i$£tit$8i : Jii/7xi> (POS) 40 

[0 0 5 1 ] &±KWLfcJ:5K*369ifc.fc*Uf* ££ 
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*flEjfA>e>rit«»IUIh7V^^ (TFT) ft 
«0«fflf«aifrlC«l5 ^ * y «t6&#fcii:-OifcS T F T 

y * V fcffim- 3 r t 5. 

[0 0 5 2] ^HiCj; 9, TFTi^CftlMM* 
5t, TFTSrffl^T^5«l©»fi[«jefr («x.ffffltft 
5c 

[Ell] *36WfciO^*y*IBSr«rfc-tt-fc»it* 

m 2 ] ^ B B B *^aommw7*n y *«f£«r^f 

[0 3] ^ililtLTOTFTy*!)©! 

[04] 0 3lC^i-TFT^^y <753pffiElT**>5o 
[0 5] TFT^*!JO»)t®RS«r^-r0-C*»5. 
[0 6] TFT^*!) <DUm?- MJEEVgi: KK 

i-0T"fc5„ 

[0 7] (A) ffi$B£*t&trfcftfc{giJ^-f^ 
jE©«ESrHJJDl-5rtS:*1-0-Cfc5. (B) tiff8£ 

■f-0-Cfc^o 

[0 8] *f6Wtc±5®3(IK7>r^-S:W-tS^ 

[0 9] *H^tc«t5®*K7-f^-^#1-5^ 

[010] *^0J(CJ;5®*K7^^-^*1-S* 
/Tgf^W^fc7^^ ^ ;^*^7©ft»&iT*fe5„ 

1 1 TFT/^U 

2 1 mm 

22 #g B v>^yi 

2 2a 7—7. 

2 2b T'-V^/V' 

2 2c KWy 

2 3 miW-btitiKM 

2 4 ->!)=> ^^-T- 

2 5 JB2©y-MWkR 
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F* — 5F083 

5F101 
5F110 



EP17 EP22 ER09 HA02 JA36 
JA39 

BA54 BB02 BC02 BC11 BD30 
AA09 BB08 CC02 DD02 DD13 
EE03 EE04 EE09 FF02 FF09 
FF25 FF29 FF40 GG02 GG13 
HJ13 NN02 PP03 QQ11 



